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This invention relates to a multi-channel flux responsive
magnetic head unit suitable for reproducing the recorded
signals on a multi-channel magnetic record independent
of the movement of the record past the head.

The most common practice in the art of magnetic re-
production- relies upon the continuous, constant speed
movement of a magnetized wire, tape or other record
medium past a magnetic transducer head, which repro-
duces the signal on the record medium in response to
such movement of the record medium. In such devices,
if the record medium should stop the reproducer head
would cease to reproduce the recorded signals because. its
operation depends upon the change of the flux induced
in the core of the reproducer head by the magnetic signal
at the record element bridging the gap of the reproducer
head, the rate of change of flux depending upon the speed
at which the record medium moves past the reproducer
head. Systems of this type are universally employed
in the reproduction of magnetic sound recordings.

For certain applications it is preferable to reproduce
a magnetic record in a manner such that the reproduction
is independent of the movement of the record medium
past the reproducer head. This enables the reproduction
of a magnetic record even while the record is stationary,
thereby making it feasible to use with an intermittently
or slowly moving record.

A magnetic head for this general purpose has been
suggested in Swiss Patent 270,675. In this device a high-
frequency excitation current creates a changing flux in an
excitation core which intersects perpendicularly the core
structure of the reproducing head. Because of the chang-
ing permeability of the section of the core structure of
the reproducer head in common with the excitation core,
which results from the changes in magnetic flux through
the excitation core, the reluctance of the reproducer head
varies at twice the excitation frequency. The output
signal from the reproducer head, therefore, has a fre-
quency of twice the excitation frequency and an ampli-
tude proportional to the strength of the magnetic signal
on the record element which is at the reproducing or
playback gap of the head. The perpendicular disposi-
tion of the excitation core with respect to the core struc-
ture of the reproducer head insures that the excitation
signal does not appear across the reproducing gap of the
reproducer head to degrade, or even erase, the signal
picked up from the magnetic record.

The reproducer head disclosed in the above-mentioned
Swiss patent is limited in its utility to a single channel
magnetic record, whereas there is today an ever-increasing
demand for multi-channel records having information
stored in a plurality of closely spaced record tracks. In
many applications of multi-channel recording, in addi-
tion to the factor of the close proximity of the several
channels on the record, there is an added requirement
that the reproducing gaps of the playback heads be in
substantial alignment, so that an exact phase relationship
among the several channels may be maintained in the
reproduction. For example, in geophysical exploration
-for oil it is quite important to maintain the precise time
relationship among signals picked up by different geo-

. . nhones. = Another application where it is important to
' dintdin an accurate phase relationship among several

‘record channels is in magnetic records from which it is
Intended 40 operate telemetering systems.
The dual regriremefts of close spacing and alignment
of the. reproducer” heads ‘cannot, as a practical matter,
be met.merely by ass;~mbling.a plurality of the flux re-
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sponsive heads of the above-mentioned Swiss patent in
side-by-side relationship because of the impossibility of
containing such an assembly within the limited space
permitted by the close spacing of the eeveral channels
on the magnetic record.

. However, these requirements are met in the present
invention by the provision of a magnetic reproducer head
unit in_which a plurality of individual flux responsive
magnetic transducer heads are mounted in closely spaced,
parallel relation with their respective playback gaps in
substantial alignment. The unit is provided with a single
high frequency excitation core which intersects each of
the transducer head cores at right angles thereto and
causes the reluctance of each tramsducer head core to
change in response to the high frequency excitation, there-
by permitting the transducer heads to reproduce signals
from the separate channels of the record independent
of the movement of the record. The alignment of the
playback gaps enables the desired phase relationship
among the several record channels to be maintained.

Accordingly, it is an object of the present invention
to provide a novel unitary, multi-channel, flux responsive,
magnetic reproducer head assembly capable of continu-
ously reproducing in proper phase relationship the mag-
netically recorded signals on a multi-channel record in-
dependent of the movement of the record. :

Other and further objects and advantages of the pres-
ent invention will be apparent from the following descrip-
tion of two embodiments thereof illustrated schematically
in the accompanying drawing,

In the drawing:

Figure 1 is a perspective view showing schematically
a flux responsive reproducer head unit in accordance with
one embodiment of the present invention, positioned to
re%roduce signals from a multi-channel magnetic record;
an

Figure 2 is a similar view of a second embodiment of
the reproducer head unit of the present invention.

Referring to Figure 1, the magnetic record is shown
in the form of a tape 10 having a plurality of parallel,
closely spaced magnetic record tracks 11, 12 and 13
which extend lengthwise along the tape in the direction
in which the tape moves. For reproducing the magnetic
signals from the individual tracks on the record there are
provided a plurality of magnetic transducer heads 14, 15
and 16. Each of these heads is a so-called “ring head,”
comprising a substantially closed core of high perme-
ability magnetic material having a narrow reproducing
gap immediately adjacent the corresponding record chan-
nel and one or more coils wound around the core to have
a voltage induced thereacross by changing flux through
the core. .

In Figure 1, the core of reproducer head 14 is in the
form of two spaced laminated legs 14’ and 14 spaced
close together at their lower ends_immediately adjacent
the record to define a narrow reproducing or playback
gap 17. If desired, this gap may be filled with non-
magaetic material, such as aluminum or bronze foil, to
more precisely define the length of the gap and to pre-
vent the gap from becoming clogged with magnetic
powder from the record. Coils of wire 18 and 19 respec-
tively are wound around the legs of this core and may be
connected to a suitable output device (not shown).

At their respective ends remote from reproducing gap
17 the core legs 14’ and 14" are interszcted by a straight
leg portion of closed excitation core in the form of an
oblong ring 20 of high permeability magnetic material.
such that the magnetic path through the core of head
14 is completed through the intersecting portion of ex-
citation core 20. In effect, therefore, the core of trans-
ducer head 14 has a portion of its extent in common with
excitation core 20. A high frequency excitation coil 21
is wound around the return leg of core 20, which is
disposed outside the magnetic transducer heads 14, 15
and 16. When a high frequency A. C. signal is applied
to coil 21 it induces a correspondingly changing magnetic
flux through core 20. The permeability of the ferromag-
netic excitation core 20 changes with its magnetization,
this permeability approaching unity for magnetization
approaching saturation. It is known that the permeability
of ferromagnetic material changes in the direction per-
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pendicular to the direction of the magnetic flux, as well
as in the direction of magnetic flux. Therefore, as a
result of the changing flux through excitation core 20, the
permeability of that portion of the excitation core which
is in common with the core of transducer head 14 changes
in the direction of the magnetic flux path through the
core of transducer head 14. Because of this, the mag-
netic reluctance of the core of transducer head 14 is
changed at twice the excitation frequency, thereby caus-
ing a corresponding change of any steady flux passing
through this core. This operation generates a voltage in
coils 18 and 19, even though the record track is stationary.
This voltage has an amplitude proportional to the steady
magnetic flux passing through the transducer head core,
which, in turn, is proportional to the strength of the
magnetic signal on the record track at the playback gap
17 of head 14, and a frequency twice the excitation fre-
quency.

It will be noted that the excitation core 20 extends
perpendicular to the core of head 14; that is, a longi-
tudinal plane through excitation core 20 extends perpen-
dicular to a plane through core legs 14" and 14" of
magnetic transducer head 14. The core legs 14’ and
14" are disposed symmetrically on opposite sides of ex-
citation core 20. Because of the structural symmetry
of this arrangement, the assembly is magnetically baij-
anced and no part of the changing flux through excitation
core 20 appears across the reproducing gap to influence
the accurate reproduction of the recorded signal. Minor
unbalances may be corrected by the provision of adjust-
able magnetic shunt pieces extending from the free faces
of the head cores to the free faces of the intersecting leg
of the excitation core. Such shunts preferably, are
arranged near the intersection of head cores and excita-
tion cores, as indicated at 28 in dotted lines in Figure 1.

The transducer heads 15 and 16 have laminated cores
constructed identical to that of head 14 and extending
in spaced paralle]l relation thereto. The core of head
15 defines a reproducing or playback gap 22 positioned
to extend immediately adjacent the second record chan-
nel 12. Coils 23 and 24 are wound around the opposite
legs of this core to have a voltage induced in response
to changing flux through the core. Similarly the core of
transducer head 16 defines a reproducing gap 25 located
to extend immediately adjacent record channel 13. Out-
put coils 26 and 27 are wound around the respective legs
of the magnetic core of head 16 to have a voltage induced
in response to changing flux through this core. Each
of the cores of heads 15 and 16 is intersected at its end
opposite the playback gap by the excitation core 20, so
that these intersecting portions of the excitation core
complete the magnetic paths for the reproducer head
cores.

In the operation of the multi-channel reproducer head
unit of Figure 1, high frequency excitation current applied
to excitation coil 21 induces flux reversals through the
excitation core 20. These flux reversals, in turn, change
the permeability of that portion of the magnetic path for
each transducer head core which extends through the
excitation core 20. The resultant changes in the re-
luctance of each transducer head core occur at twice the
excitation frequency. A voltage is induced in each of
the output coils 18, 19, 23, 24, 26 and 27 which has an
amplitude proportional to the strength of the magnetic
signal on the record track immediately adjacent the re-
producing gap of the corresponding head core.

It will be noted that the provision of a single excitation
core for the several transducer heads enables the repro-
ducer heads to be closely positioned across the record
track in parallel relation, with their respective playback
gaps in substantial alignment. Thus, this novel assembly
in the present invention satisfies for a multi-channel, flux
responsive, reproducer head unit the dual requirements of
playback gap alignment and close positioning, mentioned
above as being critical factors in certain applications of
multi-channel record reproduction.
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In the alternative embodiment of the present invention
shown in Figure 2, the construction and arrangement of
the transducer heads is identical to that described in detail
above in connection with Figure 1. In Figure 2 the fea-
tures are numbered in accordance with the corresponding
features in Figure 1, with the subscript “a” being added
after each of the reference numerals in Figure 2.

The only difference in the Figure®2 unit over that of
Figure 1 is that the return portion of the excitation core
20a (that is, the portion of this core which interconnects
the ends of the straight leg portion which intersects the
cores of transducer heads 144, 154 and 16a) extends
through the central openings defined by the substantially
closed cores of the transducer heads 14a, 15 and 164,
This particular structural arrangement results in. a more
compact assembly which will be advantageous in certain
applications. The magnetic and electrical behavior of
the Figure 2 unit is substantially identical to that of
Figure 1, and hence need not be repeated in detail here.

While in the foregoing description and the accompany-
ing drawing there have been disclosed two specific em-
bodiments of the present invention, it is to be understood
that various modifications, omissions and refinements
which depart from the illustrated embodiments may be
adopted without departing from the spirit and scope of
this invention.

I claim:

1. A multi-channel flux responsive magnetic repro-
ducer head unit, comprising a plurality of magnetic trans-
ducer heads each having a substantially closed magnetic
core, said cores being mounted in closely spaced, parallel
relationship, each of said transducer head cores defining
a reproducing gap and said reproducing gaps of the
several cores extending in substantial alignment, a single
closed high permeability excitation core intersecting each
of said transducer head cores at right angles thereto and
having portions of its extent in common respectively with
a portion of each transducer head core, and a high fre-
quency excitation coil wound around said excitation core
for changing the flux through said excitation core in
response to high frequency current through the excitation
coil to thereby vary the reluctance of each of said trans-
ducer head cores.

2. A multi-channel flux responsive magnetic repro-
ducer head assembly, comprising a plurality of magnetic
transducer heads each having a substantially closed core
of magnetic material which defines a reproducing gap,
said transducer head cores being disposed in closely
spaced, paralle] relationship with their respective repro-
ducing gaps- extending in substantial alignment trans-
versely across the assembly of cores, output coils wound
around said cores and responsive to changing flux therein
to produce output voltages, a single closed high perme-
ability excitation core extending perpendicular to each
of said transducer head cores, said excitation core having
a straight leg intersecting each of said transducer head
cores opposite the reproducing gap thereof and complet-~
ing the magnetic path for each head core thereat, and a
high frequency excitation coil wound around said excita-
tion core for changing the flux therein when high fre-
quency current is supplied to the excitation coil to thereby
vary the reluctance of each of said transducer head cores,

3. The assembly of claim 2, wherein said excitation
core has a portion interconnecting the opposite ends of
said straight leg and disposed outside said transducer
head cores, and said excitation coil is wound around said
interconnecting portion of the excitation core.

4. The assembly of claim 2, wherein said excitation
core has a portion interconnecting the opposite ends of
said straight leg and extending through the openings
formed by said transducer head cores, and said excita-
tion coil is wound around said interconnecting portion of
the excitation core.
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